Introduction {#sec1-1}
============

Craniosynostosis is a condition resulting from premature fusion of the cranial sutures that leads to an abnormally shaped head. It can be primary or secondary and the primary variety is further divided into two types - syndromic and non-syndromic. In general, the malformations of the non-syndromic type occur sporadically, where as that of syndromic type has a hereditary or genetic component with mutations identified predominantly in fibroblast growth factor receptor (FGFR) genes. Sporadic craniosynostosis cases outnumber the inherited ones and present as *de novo* mutation arising from unaffected parents. Such *de novo* mutations arise exclusively on the father\'s allele and exhibit a paternal age effect.\[[@ref1]\] Although it has been shown that the relative risk increases with advancing paternal age, there is nevertheless a very low probability of recurrence within a family, which is usually less than 1%.\[[@ref2]\]

Prior studies suggests that parental characteristics such as age, occupation, maternal smoking during the perinatal period, maternal antenatal exposure to high altitude, and socio-economic status may be associated with an increased risk of craniosynostosis.\[[@ref3][@ref4][@ref5]\] However, the results from studies investigating parental age as a risk factor for craniosynostosis have been inconsistent with some study finding an increased,\[[@ref3][@ref6]\] and others finding no increased risk.\[[@ref7][@ref8]\] There is no published study from India studying such an association in children with craniosynostosis.

So, the purpose of this genetic epidemiologic study is to examine the association of parental age and educational level with craniosynostosis in Indian children using a case-control study design, and to study simultaneously the mutations underlying both the syndromic and non-syndromic craniosynostosis.

Materials and Methods {#sec1-2}
=====================

Sixty children attending the pediatric surgery outpatient department with a diagnosis of suspected craniosynostosis from year 2007 to 2012 were studied. All had the characteristic features of craniosynostosis (moderate to severe ocular proptosis, shallow orbits, hypertelorism and mid face hypoplasia). All cases underwent computed tomography (CT) scan to verify the diagnosis. Venous blood samples were collected for genomic DNA extraction from peripheral blood leucocytes, using standard protocols. The coding exons IIIa, IIIb and exon IIIc of the FGFR2 gene, exon-5 of FGFRI gene were amplified by PCR with primers. The PCR products were sequenced from both directions with an ABI3730 Automated Sequencer (Xcelris Labs Ltd, Ahmedabad, India). The sequencing results were analyzed using Chromas (version 2.3; Technelysium Pty Ltd, Brisbane, QLD, Australia); they were compared with the reference sequences in the database at the National Center for Biotechnology Information (NCBI; NC_000010.10) and ENSEMBEL.

One-hundred-twenty children attending the pediatric surgery outpatient department, and without any known birth defects served as "controls". After taking consent, parents of study subjects were given a personal and telephone interview to obtain information regarding parental and proband medical history, pregnancy and family history, and demographics. The parents were also examined clinically in syndromic cases. The study was approved by the Institute ethics committee.

Statistical analysis was performed by using the SPSS for Windows, version 13.0 (SPSS, Chicago, IL). Chi-square (χ)^2^ test was applied for the assessment of association in 2-dimensional contingency tables. Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated to measure the relationship between a potential risk factor and case/control status. Descriptive statistics including percentage, mean ± standard deviation (SD) were calculated. Student *t*-test and Mann-Whitney U test were used for comparisons of continuous variables. Multiple logistic regression models were also used to test for interaction between various environmental risk factors.

Results {#sec1-3}
=======

Out of 60 children attending the clinic, 50 children including 30 boys and 20 girls were confirmed to have craniosynostosis during the study period and were taken as "cases" \[[Table 1](#T1){ref-type="table"}\]. One-hundred-twenty "controls" formed the comparison group (ratio varying from 2.4:1 of controls to cases due to later exclusion of unconfirmed cases). Molecular analysis by sequencing confirmed following amino-acid substitution in different Exons of the FGFR2 gene (Exon IIIa - Ser252Phe, Ser252Phe, Pro253Arg, and Exon IIIc - Tyr105Cys, Ser267Pro, Trp290Arg, Trp290Gly) in syndromic craniosynostoses \[[Table 2](#T2){ref-type="table"}\]. None of these mutations were detected in children with non-syndromic craniosynostosis. We were unable to study mutation of the TWIST gene in the single case of clinically diagnosed Saethre-Chotzen syndrome. Besides these, we found other novel identical mutations in FGFR2 gene in both syndromic and non-syndromic craniosynostoses (Exon IIIa -- Ser311Tyr, and Exon B - Thr392Thr) that have not been described previously in the literature. FGFR3 mutation testing was not carried out to look for other variants of syndromic craniosynostosis. No genetic study was undertaken in the parents. [Table 3](#T3){ref-type="table"} shows comparison of the demographic, educational and occupational factors between cases and controls. Except birth-weight, there was no difference between the two groups in regard to the mean gestational age and the mode of delivery. There was significant difference between the mean paternal (not maternal) age of both the groups at conception (*P* = 0.02).
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Control parents had less education than case parents. Forty percent of case fathers had a college degree or higher, while 21% of control fathers finished college. Forty-two percent of case mothers finished college, while 23% of control mothers had a college degree. Twenty-six percent of the case fathers were having occupation of either farmer/mechanics/forestry workers, whereas 34% of the control fathers had a history of the same. Multiple logistic regression analysis performed after adjusting for occupation and gender showed the association of craniosynostosis to be significant with advanced parental age, OR 2.17 (95% CI 1.08 to 4.36), maternal education, OR 2.32 (95% CI 1.2 to 4.76) and paternal education, OR 2.51 (95% CI 1.21 to 5.0).

Discussion {#sec1-4}
==========

There is a paucity of study from India describing children with craniosynostosis (CS), but no published Indian study has studied the environmental and genetic risk factors. Few studies from outside India have studied these risk factors and the results are varied. Studies have found that, lower parental education level is associated with an increased risk of craniosynostosis.\[[@ref9][@ref10]\] But, a study from USA has found a decreased risk of CS with parental education \[maternal education, OR 3.3 (95% CI 1.56 to 6.98); paternal education, OR 4.39 (95% CI 2.06 to 9.34)\].\[[@ref11]\] However, other studies do not support this by demonstrating no association with parental education.\[[@ref3][@ref5][@ref12]\] The possibilities could be simultaneous association with late marriage and increased age at conception or through certain occupational exposures or lifestyles. Moreover, increased awareness among educated parents could be an additional factor showing this association. This is because of an increased medical attention. Further research is needed in this area, as it is hard to explain any direct association of craniosynostosis with higher parental education.

An increased risk of craniosynostosis has also been found to be associated with advanced parental age. Some found an increased risk with advanced maternal age,\[[@ref3][@ref9][@ref10]\] whereas others did not.\[[@ref12][@ref13]\] The relationship between paternal age and craniosynostosis risk is less clear. One study identified advanced paternal age as a risk factor,\[[@ref13]\] whereas others did not.\[[@ref3][@ref14]\] Any risk associated with advanced parental age may be a risk factor for coronal synostosis, but not sagittal or metopic synostosis.\[[@ref5][@ref6]\] The explanation for advanced paternal age is its association with increased DNA mutations and chromosomal aberrations in sperm, and an increased frequency of genetic abnormalities in the embryo. Due to the increase in DNA mutations in sperm, older men are at higher risk of fathering children with autosomal dominant genetic disorders like craniosynostosis.\[[@ref14]\] The relationship between advanced paternal age and higher parental education may be linear rather than mutually exclusive, as one is commonly associated with the another and vice-versa. This is supported by findings from previous, as well as our study.

Studies have found paternal occupation at an increased risk, particularly those working in agricultural and forestry department, mechanics, and repairmen.\[[@ref3]\] However in present study, we did not find any risk. Similarly, though studies have variably reported male sex, gestational age, and mode of delivery (vaginal, instrumental or cesarean) as risk factors for craniosynostosis, we found none of them increasing the risk.\[[@ref3][@ref5][@ref11][@ref13]\]

No published study from Indian has specifically reported about the genetic sequencing in a large number of patients with craniosynostosis. By this study, in addition to the previously detected mutations in different Exons of the FGFR2 gene described above, we also found other novel identical mutations in FGFR2 gene in both syndromic and non-syndromic craniosynostoses cases (Exon IIIa - Ser 311 Try, and Exon B - Thr 392 Thr). The latter would help in further expansion of genotype of both the syndromic as well as non-syndromic craniosynostoses and would help in parental counseling. An exclusive paternal origin of mutations, and increased paternal age, has been previously described for different *de novo* mutations of the FGFR2 gene causing Apert, Crouzon and Pfeiffer syndromes. Further research should evaluate if the new mutations detected above have any relation to advanced paternal age, or have an exclusive paternal origin.
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